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ABSTRACT
Gerotor pumps operate with two rotors each rotating in the same direction about parallel but offset axes. Commerical
applications for these machines include oil pumps, fuel pumps and hydraulic power transmission. It is also possible
to use the gerotor configuration to achieve internal compression by specifying appropriate discharge port geometry,
and the addition of helical twist to the rotors has been shown to achieve further benefits of reducing porting losses and
power transfer between rotors. In either pump or compressor configuration, a motor drives the externally geared inner
rotor. This meshes with the internally geared outer rotor to form a number of separate working chambers. These
conjugate rotor profiles can be generated by a range of methods. Each rotor profile must have rotational symmetry,
with a repeating lobe profile. These lobe profiles generally also have reflective symmetry about a radial line passing
through the lobe tip, and the optimisation of this lobe geometry has been shown to be an important factor in machine
performance. It is however possible to generate asymmetric lobe profiles for gerotor machines, allowing further
optimisation and improved performance. This paper describes how pin-generated epitrochoidal asymmetric lobe
profiles can be defined, establishes the geometric constraints, and characterises the influence of geometry on some
key performance parameters in order to investigate the potential benefits of asymmetric lobes.

1. INTRODUCTION
The concept of internally geared positive displacement machines was introduced in a patent by Moineau (1934). In
this configuration, rotors are shaped such that an externally lobed inner rotor meshes with an internally lobed outer
rotor, with a number of continuous points of contact occurring between the rotors that delineate separate working
chambers. Once appropriate axial ports in the casing are created to allow suction and discharge of the fluid, the
changing area of these working chambers results in a mechanism able to operate as a positive displacement machine.
This type of machine is commonly used for pumping oil and fuel, and as hydraulic pumps and motors.
More recently, there has been renewed interest in the concept of using gerotor profiles with helical rotors to achieve
an internally geared screw compressor. A concept involving a constant rotor profile and helix lead has previously
been described (Read et al., 2020, 2022). This configuration features fixed port plates at the suction and discharge
end faces that allow control of the periods when fluid is able to enter and leave a working chamber. This configuration
has potential advantages over existing compressors relating to reduced leakage areas, reduced drag losses, and
codirectional thermal expansion. As with conventional twin screw compressors, the swept volume and contact forces
between rotors are key design parameters for the internally geared configuration, and the rotor profiles have been
shown to have a strong influence on this.
Significant research has been directed at generating appropriate rotor profiles for these ‘gerotor’ machine applications,
and characterizing the influence of geometrical parameters and operating conditions on machine performance. Some
key literature relating to rotor profile generation includes the work of Colborne (1974) and Beard et al (1992, 1992)
on the characterization of epi & hypotrochoidal profiles for pumping applications. Litvin and Feng (1996) and
Vecchiato et al. (2001) applied gearing theory to determine the necessary condition to avoid undercutting in cycloidal
profiles. A number of papers by Hsieh (2007, 2009, 2012) have considered rotor profiles generated using various
types of cycloid and trochoid, and investigated the resulting pump performance. A wide range of analysis methods
have been used to investigate the performance of gerotor pumps, as described in the comprehensive review conducted
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by Rundo (2017). More recently, Jacazio et al. (2019) have considered the generation of asymmetric rotor profiles
using a generating pin formed from two elliptical curve sections with a common center. Multi-objective optimisation
of the rotor geometry is then performed, demonstrating that asymmetric profiles can potentially achieve minor
performance improvements over symmetric profiles (hence referred to as ‘second-order’ optimisation) for a pump
application. This paper introduces an alternative method for generating asymmetric rotor profiles based on the
commonly used circular pin geometry. The method for generating conventional profiles is reviewed, before the
requirements for asymmetric profiles are introduced. Examples of this new type of asymmetric profile are shown,
and the potential influence on machine operation and performance are discussed.

2. DESCRIPTION OF CIRCULAR PIN-GENERATED ROTOR PROFILES
Internal pin-generated gearing can be used to generate meshing rotor profiles. Continuous contact points are achieved
when the inner gear contains one less or one more lobe than the outer gear. It is possible to generate two types of
cycloidal gearing in this way;
1. An extended epicycloid profile is generated on the gear with the smaller centrode when the profile of the gear
with larger centrode is partially defined by a circular pin,
2.

An extended hypocycloid profile is generated on the gear with the larger centrode when the profile of the
gear with smaller centrode is partially defined by a circular pin.
The geometry and position of the pins on a rotor consisting of 𝑁1 lobes can be defined in the coordinate system 𝑆1 as
shown in Figure 1. By rotating this profile in the coordinate system of a second rotor, 𝑆2 , with a parallel but noncoincident axis and 𝑁2 = 𝑁1 ± 1 lobes, the profile of this second rotor, Ψ2 , can be found by application of the meshing
equation. The geometry used to generate the rotor profiles is illustrated in Figure 1 for the case when 𝑁1 > 𝑁2 . This
result also allows Ψ1𝑝 , the section of rotor profile Ψ1 defined by the circular arc of the pin (i.e. when 𝜃𝑚𝑖𝑛 ≤ 𝜃 ≤
𝜃𝑚𝑎𝑥 ) to be defined. Rotation of Ψ2 in coordinate system 𝑆1 then generates the conjugate profile (or fillet), Ψ1𝑞 , that
connects the sections of circular profile in order create a complete rotor profile, Ψ1 , that achieves multiple points of
continuous contact with Ψ2 . Alternatively, a non-conjugate fillet section can be defined for Ψ1𝑞 ; it is clear that any
arbitrary profile can be defined as long as it does not infringe on the conjugate profile, which would result in
interference between the rotors. While this may simplify manufacturing of the rotors, it results in a non-zero minimum
area for the working chambers formed. For machines using helical rotor profiles, it has been shown that a conjugate
fillet profile is necessary in order to prevent direct leakage paths between working chambers (Read, 2020). For
applications with straight rotors, such as gerotor pumps, the fillet profile is often close to the conjugate profile in order
to limit the minimum volume. All profiles considered in this paper are fully conjugate.
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Figure 1: Overcentrode extended epicycloid profile generation (i.e. 𝑚21 > 1 and the pin profile forms part of Ψ1 )
showing possible contact points on inner (𝑀) and outer (𝑀∗ ) pin flanks
When considering the generation of rotor profiles, an important parameter is the gearing ratio, 𝑚21 = 𝜔2 ⁄𝜔1 =
𝑁1 ⁄𝑁2 . Extended epicycloid and hypocycloid profiles can both be generated using this method when 𝑚21 > 1 (as
shown in Figure 1) or 𝑚21 < 1 respectively. The extended epicycloidal gearing profile with 𝑚21 > 1 and contact on
the inner flank of the pin is often used for gerotor pumps, and is considered here as the basis for investigating the
characteristics of asymmetric profiles. Examples of possible profiles are shown in Figure 3; these profiles are defined
by the lobe number 𝑁1 , the non-dimensional geometric parameters 𝜆 = 𝑎⁄𝑟1 and 𝜎 = 𝜌⁄𝑟1 , and the axis spacing
distance 𝐸 = 𝑟1 ⁄𝑁1 . The maximum diameter of the outer rotor profile, 𝐷, can be determined by considering that, in
all cases, the maximum diameter of the inner rotor occurs when 𝜑1 = 𝜋 and 𝜃 = 0; once the inner rotor has turned a
further half revolution, the tip of the inner and root of the outer rotors must be coincident for a conjugate fillet profile,
leading to the definitions in Equation 1.
𝐸
1
𝑎
𝐸
𝜌
𝐸
=
,
= 𝜆𝑁1 ( ),
= 𝜎𝑁1 ( )
𝐷 2𝑁1 (𝜆 − 𝜎) + 4 𝐷
𝐷
𝐷
𝐷

(1)

2.1 Design Envelope of Symmetric Rotors
It can be shown that there are constraints on the values of 𝜆 and 𝜎 in order to ensure that the pin does not undercut the
profiles (Vecchiato et al., 2001). This results in a design envelope for the rotors with particular values of 𝑁1 , as shown
in Figure 2.

Figure 2: Illustration of how the maximum and minimum possible values of 𝜎 as a function of 𝑁1 and 𝜆 allow the
design envelope of symmetric rotor profiles to be defined.
For the case when 𝑁1 = 5, a range of profiles with and without undercutting are illustrated in Figure 3.

Figure 3: Examples of pin-generated rotor profiles with 𝑁1 = 5. Note that undercutting can be seen on the profile
that falls outside the design envelope (region shaded green)

2.2 Influence of Rotor Profile on Swept Area
Using conjugate rotor profiles, the area created within the rotors per revolution can be normalized by the total area
swept by the tip of the outer rotor profile as shown in Equation 2.
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𝐴̅𝑠𝑤 =

4
𝑁𝐴
𝜋𝐷2 2 𝑤𝑐,𝑚𝑎𝑥

(2)

In the case of a gerotor pump with straight rotors, this normalized swept area for the machine can be used to define
the swept volume of the machine, as 𝑉𝑠𝑤 = (π⁄4)𝐴̅𝑠𝑤 𝐿𝐷2 . For helical machines, integration is necessary to calculate
the volume created per revolution for a given rotor wrap angle. In either case, the value of 𝐴̅𝑠𝑤 is a useful indicator
of machine size required to achieve a given flow rate; in general, the higher the value of 𝐴̅𝑠𝑤 the more compact the
machine, which is likely to lead to other benefits such a reduced leakage flow areas.
The normalised swept area can therefore be calculated as a function of only the rotor profile. The design envelope for
different values of lobe number are shown in Figure 4 with corresponding contour plots of the normalised swept area,
showing how this tends to decrease with increasing values of 𝑁1 and (𝜆 − 𝜎).

Figure 4: Normalised swept area per revolution of inner rotor for symmetric rotor profiles as function of 𝜆 and
(𝜆 − 𝜎) for specified values of 𝑁1

2.3 Profile depth
An important rotor profile parameter influencing performance is the depth of the outer rotor profile relative to the
maximum radius. Using the relationships in Equation 1, the proportional profile depth, 𝛿𝑝 , can be defined as shown
in Equation 3.
𝛿𝑝 =

2(𝑟𝑚𝑎𝑥 − 𝑟𝑚𝑖𝑛 )
2
4𝐸
=
=
𝐷
𝑁1 (𝜆 − 𝜎) + 2
𝐷

(3)

The value of 𝛿𝑝 is therefore dependent on 𝑁1 and (𝜆 − 𝜎), as illustrated in Figure 5a. The higher the profile depth the
larger the radial spacing between the inner and outer rotor profiles at the location of maximum working chamber area.
The calculated values of 𝛿𝑝 and 𝐴̅𝑠𝑤 for the range of viable values of 𝜆 and 𝜎 shown in Figure 2 are plotted in Figure
5b. It can be seen that the swept volume is strongly dependent on 𝛿𝑝 and is almost independent of the number of lobes
for 𝑁1 > 3. Maximising the swept area of a particular machine therefore generally requires use of the lowest viable
values of 𝑁1 and (𝜆 − 𝜎).

Figure 5: Relative profile depth for the outer rotor as a function of 𝑁1 and(𝜆 − 𝜎), and the influence on swept area
per revolution of the inner rotor, 𝐴̅𝑠𝑤
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3. GEOMETRICAL CHARACTERISTICS OF ASYMMETRIC ROTORS
3.1 Geometrical requirements for asymmetric profiles
Asymmetric circular pin-generated rotor profiles can be created by considering the symmetric profiles created by two
circular pins of different diameter and centre location in the coordinate system of the outer rotor, 𝑆1 . A viable rotor
profile requires the same number of lobes and consistent positions of the rotor axes (i.e. the same value of 𝐸). Both
pins will generate a pair of conjugate rotors. The inner rotors (Ψ2 ) will both have the same axis of rotation. Asymmetric
conjugate rotor profiles can then be created by using alternating sections from the intersecting 𝛼 and 𝛽 profiles, as
illustrated in Figure 6.

Figure 6: Example of general case of asymmetric rotor profile formed from pins with different values of 𝑎 and 𝜌,
but with the same value of 𝐸
In the general case illustrate in Figure 6, this will cause discontinuities in the gradient of the asymmetric profiles,
resulting in points of infinite curvature on both inner and outer rotors. This is avoided in the special case where 𝜙𝛽 =
0 and 𝐷𝛽 = 𝐷𝛼 . A simple asymmetric configuration can be defined based on two rotor profiles generated with equal
values of 𝐸, 𝐷 and 𝛿𝑝 ; these profiles will have the same minimum and maximum radii, and an asymmetric profile
consisting of alternating half-lobes of the two symmetric profiles can therefore be created. This is equivalent to a
profile generated using the asymmetric pin geometry illustrated in Figure 7. Equation 1 shows that this is only possible
if the value of (𝜆 − 𝜎) is constant; (𝑎 − 𝜌) must therefore be the same for both pin sections if 𝐷 is fixed.

Figure 7: Example of the 2-pin geometry used to generate asymmetric rotor profiles; a) general case and b) simple
case where (𝑎𝛼 − 𝜌𝛼 ) = (𝑎𝛽 − 𝜌𝛽 ).
As with conventional symmetric gerotor profiles, the same constraints apply to the two different combinations of 𝜆
and 𝜎 values that define the asymmetric profile in order to ensure that no undercutting occurs. The design envelopes
shown in Figure 4 therefore also define the limiting conditions for viable asymmetric profiles, as illustrated in Figure
8. An asymmetric profile can be generated by selecting any two values of 𝜆 that satisfy the condition of constant
(𝜆 − 𝜎) and that lie between the limits of 0 ≤ 𝜎 ≤ 𝜎𝑙𝑖𝑚 ; examples of this are shown in Figure 9 for a case with 𝑁1 =
5 and (𝜆 − 𝜎) = 0.775.
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Figure 8: Example of the design envelope for asymmetric profiles with 𝑁1 = 5, showing the range of possible 𝜆
values for constant (𝜆 − 𝜎) values corresponding to 𝜆𝑚𝑎𝑥 = 2, 3, 4, 6 and 11. Note that the maximum value of 𝐴̅𝑠𝑤
for a symmetric profile is achieved with 𝜎̅ = 1 (i.e. 𝜎 = 𝜎𝑙𝑖𝑚 ) and 𝜆 = 1.42

Figure 9: Examples of asymmetric pin-generated rotor profiles with 𝑁1 = 5 and (𝜆 − 𝜎) = 0.775. All profiles are
shown with the same value of 𝐷
It is clear from the examples shown in Figure 9 that this method can produce asymmetric rotor profiles that avoid
points of infinite curvature likely to results in high contact stress and wear. The rotor profile can now be characterised
using the parameters 𝑁1 , 𝜆𝛼 , 𝜎̅𝛼 and 𝜆𝛽 ; hence the use of asymmetric rotors provides an additional geometrical
parameter that can be used to optimise the performance of a machine.

3.2 Influence of Asymmetric Profile on Swept Area
The area of the working chamber formed between the rotors for asymmetric profiles can be found as for the
conventional symmetric profiles. This is illustrated in Figure 10, which shows the normalised swept area calculated
for a range of asymmetric profiles with 𝑁1 = 5 and (𝜆 − 𝜎) = 1. Results are shown for three different cases:
i.
The rotor profile is symmetrical, hence 𝜆𝛼 = 𝜆𝛽
ii.
𝜆𝛼 = 1.01 (i.e. the minimum possible value as shown in Figure 8)
iii.
𝜆𝛼 = 3 (i.e. the maximum possible value as shown in Figure 8)
In each case, the normalised swept area is then calculated for the range 1.01 ≤ 𝜆𝛽 ≤ 3.

Figure 10: Normalised swept area for symmetric and asymmetric rotor profiles as function of 𝜆 for (𝜆 − 𝜎) = 1 and
𝑁1 = 5. Note that the profile for point 𝑏′ is the mirror image of 𝑏.
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Based on this analysis, there are two important points to note:

•

•

For symmetric profiles, Figure 4 shows that the normalised swept area, 𝐴̅𝑠𝑤 , depends strongly on (𝜆 − 𝜎). As
this must be constant for the asymmetric profiles, it is apparent that asymmetric profiles will have similar values
of 𝐴̅𝑠𝑤 to these symmetric cases. This is demonstrated by the example in Figure 10, which illustrates the second
order influence of 𝜆 values on 𝑉̅𝑠𝑤 for both symmetric and asymmetric profiles.
For values of 𝑁1 > 4 the maximum values of 𝐴̅𝑠𝑤 is achieved with the minimum possible value of (𝜆 − 𝜎). As
asymmetric profiles can only be achieved with a higher value of (𝜆 − 𝜎), they must therefore achieve a lower
𝐴̅𝑠𝑤 than the maximum possible value.

This analysis suggests that the use of asymmetric pin-generated gerotor profiles does not offer significant benefits in
terms of the swept volume for machines with either straight or helical rotors. Consideration of other factors relating
to performance is necessary as discussed below.

3.4 Influence on Port Areas
Asymmetric rotor profiles result in different working chamber geometry during the periods of increasing and
decreasing volume. The curve of volume as a function of rotor position is therefore no longer symmetric, and the
location of maximum volume needs to be identified. The ports must also be shaped in order to match the asymmetric
profiles. As for conventional symmetric profiles, these can be defined in order to maximise the flow area in or out of
the working chamber, while still opening and closing at the required positions (generally corresponding to maximum
and minimum volume). The working chamber area and the port areas for a gerotor pump configuration (i.e. with
non-helical rotors) are shown for specified symmetric and asymmetric rotor profiles in Figure 11.

Figure 11: Working chamber area (black lines) and inlet port area (blue lines) for symmetric (solid lines; 𝜆 = 1.1,
𝜆 = 2) and asymmetric (dashed lines; 𝜆𝛼 = 1.1 & 𝜆𝛽 = 2, and vice versa) rotor profiles with 𝑁1 = 5 and (𝜆 − 𝜎) =
0.775
The results in Figure 11 show that asymmetric profiles affect both the flow area and the rate of change of working
chamber volume. The pressure drop during filling will therefore be affected; more detailed modelling of the fluid
filling process is needed to understand the influence of this on the machine performance.

3.3 Influence on Rotor Torques
Asymmetric profiles change the relative positions of the contact points between the inner and outer rotors. This
modifies both the projected area for the pressure force to act on each rotor, and the torque arm that occurs between
the resultant force and each axis of rotation. This is illustrated in Figure 12, which shows a single cycle of the net
torque acting on the inner and outer rotors during operation, assuming constant pressure during filling and discharge
with a fixed pressure difference, Δ𝑝; the rotor profiles are the same as those considered in Figure 11, and the
asymmetric profiles are seen to combine characteristics of the two symmetric profiles.
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Figure 12: Influence of rotor profile on the net rotor torque for the symmetric (solid lines) and asymmetric (dashed
lines) profiles shown in Figure 11
Furthermore, asymmetric profiles affect the curvature of the rotors at the contact point. Both the rotor torque and the
geometry of the rotors at the contact point will vary with rotor position, and need to be considered in order to assess
the influence of asymmetric profiles on the contact stresses that occur in the rotors during operation.

6. CONCLUSIONS
The current study has shown that asymmetric gerotor profiles can be defined and generated using the same principles
and design envelopes as for conventional symmetric pin-generated profiles. The proposed profiles maintain finite
curvature at all points by combing sections of two rotor profiles with equal values of 𝑁1 , 𝐸 and 𝐷. The profile depth
of the asymmetric profiles is therefore the same as either of the constituent symmetric profiles, hence the normalised
swept area is found to be similar.
The use of asymmetric profiles has also been shown to affect both the filling process for the machine (via the influence
on rate of change of volume, and port area), and the contact stress and wear that occurs during operation (via the net
rotor torque and the relative curvature at the contact points). A more detailed analysis of the operation of gerotor
machines is therefore necessary in order to fully assess whether this type of asymmetric profile offers any significant
benefits when optimised for a particular pump or compressor application.

NOMENCLATURE
𝐿
𝑉
𝑟
𝐴
𝐷
𝑎
𝜌
𝐸
𝑁
𝜃
Ψ
𝜆
𝜎

Rotor length
(m)
Volume
(m3)
Centrode radius
(m)
Area
(m2)
Max rotor profile diameter
(m)
Radial distance to pin centre (m)
Radius of pin
(m)
Distance between rotor axes (m)
Number of lobes on rotor
(-)
Profile pin contact angle
(rad)
Rotor profile
(-)
Normalised radial distance to pin centre (-)
Normalised radius of pin
(-)

Subscript
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1, 2
𝑤𝑐
𝑠𝑤
𝛼, 𝛽

Outer or inner rotor
Working chamber
Swept area or volume
Generating pin section for asymmetric profile
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